
w^-qacnof- -x 
UCRL-JC-109657 
PREPRINT 

Oblate Col lect iv i ty in l 9 7»198 p b 

A. Kuhnert a, T.F. Wanga, M.A. Stoyer 3, 
J.A. Becker3, E.A. Henry3, M.J. Brinkman3, 

S.W. Ya tes a ' b , J.E. Draper 0, M.A. DeleplanquCd, 
R.H. Diamondd, F.S. Stephens'1, A.O. Machiavel l i d » e , 

W.H. Kelly d» f, W. Kortend'9, F. Azaiez d> n, 
and J.A. Cizewski1 

This paper was prepared for submittal to 
International Nuclear Physics Conference 

Wiesbaden, Germany 
July 26 - August 1, 1992 p , 

This is a preprint of a paper intended for publication in a journal or proceedings. S 
changes may be made before publication, this preprint is made available with the 
understanding that it will not be cited or reproduced without the permission of the 
author. 

"WBMra-OFTmoaDumiTisnttmnBi 



DISCLAIMER 

This docwaeal was prepared as an accoMt of work sponsored by aa agency of the 
Uafted States Govenuncnt, Neither the Uafted Stales Govenuneat aor the Ualversity 

of California aor aay of lack moloytcs, sashes aay warranty, express or Maplled, or 
i w < a « aay kgil liability or respsajiiBky for the accuracy, cawplneacai, or asefal-
acsa of any laforanttoa, apaeratas, arodact, or arocesi disclosed, or represents that 
lis use waaM aot Infringe privately owned rights. Reference hereto lo aay specific 
conaterclal products, process, or service by trade aaaw, trademark, asnaafactarcr, or 
otherwise, does aot accessarily coastitate or imply Its eadorsemeat, recommendation, 
or favoring by Ike United States Goverameat or the University of California. The 
views and oaloions of authors expressed herein do not necessarily state or reflect 
those of the Untied States Government or the University of California, and shall aot 
be used for advertising or product endorseaMat purposes. 



UCRL-JC—109657 

DE93 001303 

Oblate Collectivity in m.issph 

A. Kuhnert a , T.F. Wang 8 , M.A. Stoyer 8, J.A. Becker 8, E.A. Henry 8 , M.J. 
B r i n k m a n 8 , S.W. Y a t e s a , b , J .E. Draper 0 , M.A. Deleplanque d , R.M. 
Diamond*1, F.S. Stephens'1, A.O. Machiavelli d , e, W.H. Kelly d , f, W. Korten d , g , 
F. Azaiez ' , and J.A. Cizewski1. 

8 Lawrence Livennore National Laboratory, Livermore, California 94550, 
USA 

University of Kentucky, Lexington, Kentucky 40506, USA 

c University of California, Davis, California 96511, USA 

Lawrence Berkeley Laboratory, Berkeley, California 94720, USA 

e Comision National de Energia Atomica, Buenos Aires, Argentina 

Iowa State University, Ames, Iowa 50011, USA 

6 Niels Bohr Institute, Copenhagen, Denmark 

hB?N-Orsay, F-91406, Orsay, France 

1 Rutgers University, New Brunswick, New Jersey 08903, USA 

Abstract 

Evidence for collective behavior in the high-spin region of neutron deficient 
lead nuclei is provided by the observation of four collective struc ^.ures in 
l97,l98pD These bands consist of strong dipole (Ml) transitions with a few E2 
crossover transitions observed. The transition energies of three of these bands 
show a rather regular behavior while those of one of them show an irregular 
behavior. We interpret the regular bands as oblate collective bands built on 
oblate proton and neutron states, whereas the irregular band might either be 
built on a state with very small oblate deformation, or be a triaxial rotational 
band. A lifetime measurement (DSAM) has been done for the regular bands in 
1 9 8 P b . Neutron and proton configurations for the bands are suggested from the 



results of quasi ->article Routhians and total Routhian surface (TRS) 
calculations. 

1. Introduction 

In the light lead nuclei around A=196 one finds the yrast states up to a spin I 
= 12 ft having a quasineutron character [1]. However, low-lying 0 + states have 
been found in the neutron-deficient, ever-mass lead isotopes [2] and 8+ and 
11- isomeric states have been observed in I94,l96pb [3-5]. A collective band built 
on the low-lying 0+ state in I96pb has been observed [3]. These 0 + , 8 + , and 11-
states are believed to be oblate, 2p-2h proton states with the Nilsson 
configurations n(V 2

+ [400H,9 / 2 " [505] 2 ) 0

+ ,8 + and n(V 2

+ [400h 2,9/jf [505], * 3 / 2

+ 

[606])n~ [6], respectively. Indeed, oblate minima have been predicted for the 
light lead isotopes at y*-60° and p2*0.17 [2,7,8]. The observed bands in the two 
lead isotopes I97,i98pb [9-12] are similar to the previously published irregular 
band in *9*Pb [13], the regular bands in i99,200,20ipb [14], and to the oblate bands 
in the A=130 region [15]. Recently, we found regular bands including the 
linking transitions to the low-lying states also in 1 9 6 P b [16]; the same bands 
have been seen in a parallel investigation of 1 9 6pb by the Argonne group [17]. 

A more detailed account of this work is presented in refs. 9 and 10. 

2. Experiments 

The experiments have been done at the Lawrence Berkeley Laboratory 88-
Inch Cyclotron using the High Energy Resolution Array (HERA) which 
consists of 20 Compton-suppressed Ge detectors and a 4K inner ball of 40 BGO 
detectors. The data presented here have been obtained using the two fusion-
evaporation reactions, 1 7 6 Y b ( 2 6 M g , 5 n ) I 9 7 P b at E(26Mg)=135 MeV and 
l54Sm(48Ca,5n)i97pb a t E(48Ca)=205 and 210 MeV, respectively. The cargets 
consisted of three and two stacked foils, with each foil about 500 ug/cm2 thick 
for the 1 9 ?Pb experiments, and 1 mg/cm 2 thick on 12 mg/cm2 gold and lead 
backings, respectively, for the DSAM experiment. 

3. Results 

The band members are 7 (10) strong, nearly evenly spaced, transitions in the 
energy range between 100 and 500 keV for the regular bands in I97,(i98)pb( and 
twenty irregularly spaced transitions for the irregular band in 1 9 7pb. All four 
bands are "floating" with no linking transitions observed. The analysis of the 
DCO ratios and anisotropy is consistent with a stretched-dipole character for 
the main transitions in the four bands. Furthermore, one has to assume Ml 
electron conversion coefficients for the strong transitions in the irregular band 
to obtain a reasonable intensity balance within the band and also for the low-
lying transitions fed in the decay of the band. We also assume Ml transitions 
for the regular bands because the observed intensities of the low-lying 



members in the band, and their decay into the quasi particle states are most 
consistent with this assumption. Some of the high-energy E2 cross-over 
transitions for each band have been found in the data, competing with the Ml 
transitions. The calculated values of B(M1)/B(E2), assuming 8 2 « 1 , range 
from lluN2/(eb)2 to 30 uN2/(eb)2. 
From the available experimental data one can deduce lower limits for the 

excitation energies and spins for the bandheads of the observed, 'floating' 
bands. The experimental lower limits for the excitation energies, based on 
states fed by their decay, is E x > 3.8 MeV for the regular band in 1 9 7 P b , E x > 3.3 
MeV for the irregular band in 1 9 7 P b , E x > 6.1 MeV for band I and E x > 4.7 MeV 
for band II in 1 9 8 P b . A reasonable experimental estimate for the spins of the 
lowest states in the 1 9 7 P b bands is I = 3 3 / 2 ± 2 ft (regular) and I = 3 i / 2 ± 2 ft 
(irregular), and for l 9 8 P b we get I « 18 + 2 ft (band I) and I - 20 ± 2 ft (band II). 

The DSAM experiments for the bands in 1 9 8 P b yielded lifetimes between 0.27 
(13) and 1.13 (45) ns for band I, and between 0.052 (22) and 0.57 (29) ns for band 
II. These values correspond to B(M1) strengths of about 1 to 4 W.u. for the low 
to high energy transitions in band II, and 0.5 to 1 W.u. for those in band I. 
With the observed E2 crossover transitions in band I we obtain a corresponding 
B(E2) strength of about 10 W.u. which translates to a quadrupole moment Qo = 
2eb. 

4. Discussion 

At proton induced deformations near y = — 60° and P2 = 0.15, the 
energetically favored neutron configurations in 1 9 7 . 1 9 8 P b are v(fp) 1 + x(ii3/2)~ x. 
High-spin states related to the deformed I I - state in 1 9 6pb would be formed in 
i97,l98Pb by coupling these neutron configurations to the oblate proton state 
K(h9/2ii3/2)ll~ in 1 96Pb. 

With the experimental spin estimates, an I versus ftco plot was constructed for 
the observed bands. The slope of the spin versus frequency plots for the regular 
bands in I97,l98p0 j s v e r y similar to that of the regular bands in 199,200pb [14] 
The linearly extrapolated intercept of I at ftco = 0 is between 15 + 2 ft and 18 ± 
2 ft for all of the bands observed in these lead isotopes. This intercept value 
indicates a rapid rotational alignment of at least three neutrons in the low-£2 
il3/2 orbitals. The experimentally observed spins can be obtained only if the 
bands are built on states for which at least two vii3/2 quasi particles couple to 
the proton 11~ state, because the proton and neutron spins are roughly 
perpendicular to each other. 

Thus, possible configurations for the regular bands in l9V,l9Spij a r e K (H-) <g> 
v(fp)4(ii3/2) -3 and v(fp)6(ii3/2) - 4. From the single-particle Routhians we obtain 
an alignment of i >14 h for these configurations. 

The irregular band shows the following characteristics of a collective band: 
1) the spins are in sequence (Al=l), and 2) the observed B(M1)/B(E2) ratios are 
large in the whole •y-ray sequence. However, it seems not to be a typical 



collective band because of the strong irregularities in the I versus he> plot. We 
cannot give a detailed explanation for the mechanism leading to this irregular 
band, but we suggest that one possibility is a triaxial rotational band built on 
the same general configuration as suggested for the regular bands, or that the 
irregular band has a smaller p-deformation because of a somewhat different 
configuration. Clearly more data and calculations are needed to solve this 
problem. 
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